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Summary 

A wind-tunnel investigation was made to deter- 
mine the longitudinal aerodynamic characteristics of 
a fixed-wing generic fighter model with a wing de- 
signed for sustained transonic maneuver conditions. 
The airfoil sections on the wing were designed with a 
two-dimensional nonlinear computer code, and the 
root and tip sections were modified with a three- 
dimensional code. The wing geometric characteris- 
tics were as follows: a leading-edge sweep of 45°, a 
taper ratio of 0.2142, an aspect ratio of 3.30, and a 
thickness ratio of 0.044. The model was investigated 
at Mach numbers from 0.600 to 1.200, at Reynolds 
numbers, based on the model reference length, from 
2.56 X 10^ to 3.97 x 10^, and through a model angle- 
of-attack range from -5° to 18°. 

The results indicate that the lift coefficients at 
buffet onset increased approximately 38 percent over 
the Mach number range from 0.600 to 0.975. The 
leading-edge suction was approximately 100 percent 
over the Mach number range from 0.600 to 0.850 over 
the lift coefficient range from 0.40 to 0.80. 

Introduction 

In the early 1970’s, thin low-aspect-ratio wings 
were investigated with variable camber to improve 
the sustained maneuver capability of fighter aircraft. 
The wings described in references 1 to 4 had smooth 
upper and lower surfaces for the configurations with- 
out camber because the basic airfoils were symmet- 
rical. For these experimental models, many camber 
and twist configurations were investigated to deter- 
mine the optimum for the various conditions of lift 
coefficient and Mach number. Subsequent to these 
studies, an effort was initiated at the Langley Re- 
search Center to study the use of advanced transonic 
theoretical methods to improve transonic maneuver 
performance. A low-aspect-ratio fighter wing was de- 
signed to reduce the shock-induced flow separation at 
transonic maneuver conditions. 

The theoretical code of reference 5, which is a two- 
dimensional nonlinear- airfoil design-and- analysis 
code that can accommodate the mixed-flow condi- 
tions of transonic speeds, was used to design the ba- 
sic airfoil. The code was used in the analysis mode 
in an iterative fashion to design the airfoil (SD19). 
This code has been validated by the design of the 
supercritical airfoils of reference 6. The relatively 
thick airfoils of reference 6 were designed for trans- 
port aircraft with high aspect ratios and moderate 
wing sweep. Therefore, the code had not been val- 
idated for low-aspect-ratio planforms with the high 
leading-edge sweep and thin airfoil sections of fighter 
aircraft. For low-aspect-ratio configurations at high 


lift conditions, the wing flow field becomes highly 
three dimensional. Therefore, modifications to the 
wing root and tip airfoils were made with the FLO-22 
three-dimensional code as described in reference 7. 

The fighter wing of the current study was des- 
ignated SMF-1 for being the first in a series of su- 
percritical maneuver fighters and was designed for 
sustained transonic maneuver conditions with a lift 
coefficient of 0.90, a Mach number of 0.900, a thick- 
ness ratio of 0.044, and a wing leading-edge sweep of 
45°. In contrast to the experimental wings of refer- 
ences 1 to 4, the airfoils on this wing were designed to 
have smooth upper and lower surfaces with extensive 
camber and twist. On an actual aircraft, a variable 
camber and twist mechanism would be used to opti- 
mize the wing for lower lift coefficients for cruise and 
supersonic speeds. 

The wing planform of the supercritical maneu- 
ver fighter (SMF-1), although similar to the wing 
planform in reference 1, had 5° more leading-edge 
sweep and the airfoil thickness ratio was increased 
from 0.004 to 0.044. The geometric characteristics of 
the wing, body, vertical tail, and horizontal tail are 
presented in table I. 

Some of the data from this investigation were pre- 
sented at the Advanced Technology Airfoil Research 
Conference at the Langley Research Center in March 
1978 and also in reference 7. The purpose of this pa- 
per is to present the force and moment data and the 
basic aerodynamic performance characteristics over 
the Mach number range from 0.600 to 1.200. 

Symbols 

Longitudinal aerodynamic results are referred to 
the stability axis system. The origin of this sys- 
tem is the moment reference center that is located 
at 25 percent of the mean geometric chord and lo- 
cated vertically on the fuselage reference line. (See 
fig. 1(a).) All data presented herein are based on 
the theoretical dimensions of the trapezoidal wing 
extended to the model centerline ([.. The symbols 
used herein are defined as follows: 


A 

aspect ratio 

b 

reference span, 67.69 cm 

Ca 

axial- force coefficient. Axial 
force/9.5 

Cd 

drag coefficient, Drag/^5 

Co.i 

internal drag coefficient 

^D,min 

minimum drag coefficient 

Cd,o 

drag coefficient at zero lift with 
camber removed (from unpublished 
data) 


Subscript: 


Cl lift coefficient, L\h/qS 

Ci i^ lift coefficient at buffet onset max maximum 



lift-curve slope, dCifda, per degree 

Cm 

pitching-moment coefficient 

Cm.o 

pitching-moment coefficient at zero 
lift 

Cnicj^ 

longitudinal stability derivative, 
dCrn/dCi 


longitudinal control parameter, 
ACm/^h, per degree 

CWBRMS 

wing root-mean-square bending- 
moment coefficient, 
o rms Bending moment 
^ QS(b/2) 

c 

local chord 

c 

wing-model reference length (mean 
geometric chord), 23.518 cm 

c 

incidence of airfoil section, deg 

L/D 

lift-drag ratio 

M 

free-stream Mach number 

m/rhoo 

mass-flow ratio 

Q 

free-stream dynamic pressure 

R 

Reynolds number per foot 

Rc 

Reynolds number based on wing- 
model reference length 

S 

reference wing area, 1390 cm^ 

t 

maximum thickness 

X 

local chordwise distance from wing 
leading edge, parallel to plane of 
symmetry 

y 

local spanwise distance from center- 
line of model 

z 

local vertical ordinate for airfoil 
sections 

a 

angle of attack, referred to fuselage 
reference line, deg 

h 

horizontal-tail deflection angle, 
referred to horizontal-tail plane 
(positive when trailing edge is 
down), deg 

V 

semispan location, y/{b/2) 

A 

taper ratio 


Abbreviations: 

F.RB. forced pressure buffet 

Fwd. forward 

H.T. horizontal tail 

rms root mean square 

V.T. vertical tail 

Apparatus and Procedures 

Model Description 

A schematic drawing of the basic generic fighter 
model SMF-1 is shown in Figure 1(a) with 45° 
leading-edge sweep. Drawings of the wing airfoil sec- 
tions at various semispan stations are presented in 
figures 1(b) to l(j) and show the extensive camber 
and twist characteristics of the wing design. The 
variation across the semispan of the camber (the 
maximum distance between the mean line and chord 
line expressed in percent chord) and the airfoil inci- 
dence (twist) are shown in figure l(k). The forebody 
of the fuselage was modified to accommodate the in- 
strumentation for this investigation, and a sketch of 
the canopy compared with the configuration in ref- 
erence 1 is shown in figure 1(1). Photographs of the 
model with camber and twist in the wing are pre- 
sented in figure 2, and geometric characteristics of 
the model are given in table I. The basic model is a 
single-engine configuration with a fixed-inlet, single 
vertical tail and a conventional all-movable horizon- 
tal tail (stabilator) mounted below the wing plane. In 
this investigation the wing geometry was as follows: 
a leading-edge sweep of 45°, a trailing-edge sweep of 
11.9°, a taper ratio of 0.2142, an aspect ratio of 3.30, 
and a thickness ratio that varied from approximately 
0.060 at the wing root to 0.044 at the tip. As shown 
in the airfoil drawings in figures 1(c) to l(j), consid- 
erable twist existed in the wing spar box (the middle 
part of the wing from approximately 20 to 80 percent 
chord). This spar box twist would not be removed 
with a variable-camber system. 

Tunnel Description 

The investigation was conducted in the Lang- 
ley 8-Foot Transonic Pressure Tunnel, which is a 
single-return tunnel having a rectangular slotted test 
section to permit continuous operation through the 
transonic speed range. This facility has the capabil- 
ity of independent variation of Mach number, den- 
sity, temperature, and humidity. The stagnation 
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temperature and dew point were maintained at val« 
lies sufficient to avoid significant condensation ef- 
fects. Further description of the facility can be found 
in reference 8. 

Tests 

All tests were made with fixed transition on the 
model as recommended by reference 9. Boundary- 
layer strips of No. 120 carborundum grains were 
applied to the upper and lower surfaces of the wing 
and horizontal tail and to both sides of the vertical 
tail 1.02 cm streamwise aft of the leading edge. The 
forebody of the fuselage had No. 100 carborundum 
grains located 2.8 cm aft of the forebody apex. All 
transition strips were approximately 0.25 cm wide. 

The model was tested at Mach numbers from 
0.600 to 1.200 through an angle-of- attack range from 
-5° to 18°. The Reynolds number, based on the mean 
geometric chord, was held constant at 2.56 x 10^ 
except where this parameter was varied to determine 
its effect. 

Measurements and Corrections 

Six-component force and moment data were ob- 
tained by use of an electrical strain-gauge bal- 
ance housed within the fuselage. Strain gauges 
were mounted inboard in the wing upper and lower 
surfaces, and the root-mean-square output from 
these instruments was integrated for 45 sec. Co- 
efficients were computed to determine the buffet 
characteristics of the wing. 

Measurements of the duct internal flow were made 
with a rake composed of total and static pressures 
located at the duct exit. The pressures measured 
at the exit were used to compute the internal drag 
coefficient {Cqj) variation with a (fig. 3(a)), and 
this correction was applied to the final data. The 
corresponding mass-flow variations are shown in fig- 
ure 3(b). Base pressures and balance cavity pressures 
were also measured and used to adjust the drag data 
to the condition of free-stream static pressure acting 
over the fuselage cavity and base areas. 

The angle of attack was measured with an ac- 
celerometer mounted in the forebody of the fuselage. 
No corrections for flow angularity have been made 
since the inverted runs indicated that flow angular- 
ity was 0 at the design lift coefficient and was only 
0.05 downflow at a = 0°. 

Accuracy 

The accuracy of the individual measured quanti- 
ties, based on calibrations and repeatability of the 
data, is estimated to be within the following limits: 


Cl ±0.0090 

Co ±0.0005 

Cm ±0.0026 

a^deg ±0.05 

M ±0.002 


Presentation of Results 

The tabulated data of this investigation are pre- 
sented in the appendix. (See tables AI to AIII.) 

Graphical results are presented in the following 

figures: 

Figure 

Effect of Reynolds number on longitudinal 
aerodynamic characteristics at two Mach 
numbers; horizontal tail off 4 

Effect of upper-surface transition location 
on longitudinal aerodynamic characteristics 
at two Mach numbers; horizontal tail off . . 5 

Effect of horizontal tail on longitudinal 
aerodynamic characteristics at seven Mach 
numbers 6 

Effect of Reynolds number on buffet 
characteristics at two Mach numbers; 
horizontal tail off 7 

Buffet characteristics over Mach number range; 
horizontal tail off 8 

Variation of Ci^ with Mach 

number 9 

Variation of lift coefficient at buffet onset; 

horizontal tail off 10 

Variation of leading-edge suction with 

Mach number; horizontal tail off 11 

Variation of drag coefficient with Mach 

number; horizontal tail off 12 

Variation of (7//7!^)max and Ci at (7y/Z^)niax 
with Mach number; horizontal tail off . . . 13 

Variation of longitudinal stability derivative 
Cmc Mach number at Ci = 0.80 . . 14 

Variation of longitudinal stability derivative 
Cmc Mach number at Ci = 0.50; 

horizontal tail off 15 

Variation of pitching-moment coefficient at 
zero lift Cm,o with Mach number 16 

Variation of longitudinal control parameter 
Cm^^ with Mach number at Ci = 0.50 . . 17 
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Discussion of Results 

The effect of Reynolds number on the longitudi- 
nal aerodynamic characteristics at Mach numbers of 
O.SfjO and 0.900 is presented in figure 4. As would be 
expected, the drag coefRcient is a few counts lower 
(one drag count is equal to 0.0001) for the higher 
Reynolds number at both Mach numbers presented. 

The effect of transition location on the upper 
surface of the wing is presented in figure 5 at Mach 
numbers of 0.800 and 0.900. For airfoils with typical 
supercritical pressure distributions, the transition 
strip (used to trip the flow) is usually located at 25 
to 45 percent chord so that the upper-surface shock 
location (see ref. 10) and the total boundary-layer 
growth on the model from the leading edge of the 
wing will be equal to the full-scale thickness of the 
boundary layer at the trailing edge of the wing. This 
effect assumes that laminar flow exists with a thin 
boundary layer up to the trip and that the upper- 
surface shock is located in the correct position to 
simulate the full-scale flow conditions on the wing. 

The airfoil for this model, unlike the typical su- 
percritical airfoils, has an unfavorable pressure gradi- 
ent on the upper surface that would not be expected 
to support laminar flow. Two locations, forward and 
aft, of the upper-surface transition strip were inves- 
tigated, and these locations were at approximately 5 
and 25 percent chord, respectively. The lower level 
of the drag coefficient (fig. 5(b)) for the aft location 
at the design Mach number over most of the drag po- 
lar would indicate laminar flow back to the trip; the 
increment, however, is of the same order of accuracy 
as the drag data. The drag polars cross at the de- 
sign lift coefficient {C^ = 0.90), indicating no effect 
of transition location. At this lift coefficient there 
is an adverse pressure gradient on the upper surface 
that disturbs the laminar boundary layer forward of 
the transition strip. The higher value of 
the forward trip location is typical of a fully tur- 
bulent boundary layer established near the leading 
edge. Since the th(‘oretical pressure distribution had 
an unfavorable gradient over the upper surface, the 
forward location appeared to give a more realistic 
representation of the full-scale flow conditions for 
the design C/^, and the transition strip was located 
forward for the rest of the investigation. 

The basic longitudinal data over the Mach num- 
ber range of the investigation with the horizontal 
tail off, and with the horizontal tail at selected an- 
gles to trim the configuration, are presented in fig- 
ure 6. The requirements for a stable configuration 
(center-of-gravity location selected for this study) 
give an excessive trim lift and drag penalty. An 
unstable configuration with positive angles on the 


horizontal tail would be considered for reduced trim 
drag penalties. 

The theoretical zero-suction and full-suction 
(ideal polar for elliptic lift distribution) drag 
coefficient polars are shown with the experimental 
datain figure 6 at Mach numbers from 0.600 to 0.975. 
The equations for the calculations are also shown 
in figure 6. The drag coefficients at zero lift Cq o 
were taken from unpublished data with the cam- 
ber removed from the wing. The value of a at zero 
lift (approximately 1.9°) was removed from the term 

tan a in the zero-suction data. The theoretical 
curves for M — 0.850 are shown with the drag coef- 
ficient polar in figure 4(a). Over the Mach number 
range from 0.600 to 0.850, the tail-off configuration 
(the only polar to which the theoretical polars apply) 
is very near the full-suction polars in the range oi 
from 0.40 to 0.80. The extensive camber and twist 
make it practical to operate at these Mach numbers 
and lift conditions with attached flow on the wing. 
(See fig. l(k).) 

The variation (at the design Ci) of the leading- 
edge suction parameter with Mach number is shown 
in figure 11. The maximum leading-edge suction 
occurs at a Mach number of 0.850 and then declines 
as Mach number is increased. As would be expected 
from the thin wing and reduced camber near the 
leading edge, the suction is reduced at the low Mach 
number of 0.600. 

The variation of drag coefficient with Mach num- 
ber at various lift coefficients is presented in figure 12. 
There appears to be about 70 counts of wave drag 
at the design Mach number that cause the drag co- 
efficient to be somewhat higher than expected at 
the design lift coefficient. In the low Mach num- 
ber range from 0.600° to 0.800°, the wing appears to 
have some leading-edge flow separation at high val- 
ues of C[^ and is optimized at M = 0.850. Increased 
leading-edge camber from a variable camber mecha- 
nism would reduce the leading-edge flow separation 
at the low Mach numbers, and reduced camber in the 
leading edge may also lower the drag at the design 
Mach number. The trends of (L/D)max and ai 
(L/Z?)max are shown as a function of Mach number 
in figure 13 and are typical for this type of model. 

The lift curves were generally linear through an 
an gle-of- attack range from 0° to 10° and at Mach 
numbers from 0.600 to 0.800, and the linearity ex- 
tended to higher angles of attack at the higher Mach 
numbers from 0.850 to 0.975. (See figs. 4 and 6.) 
The lift-curve slope is shown as a function of 
Mach number at = 0.800 in figure 9. The buffet 
indicators of axial-force coefficient and wing root- 
mean-square bending-moment coefficient CWBRMS 
are presented in figures 7 and 8 as a function of lift 
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coefficient. Buffet onset is estsiblisiieci where the 
curve of CWBRMS plotted against Cl becomes tan- 
gent to a line drawn 45° to the axes. Buffet onset has 
also been established by the break in the axial-force 
coefficient plotted against Cl or a. These values 
of Cl are somewhat higher than those determined 
from the wing bending-moment gauge. The varia- 
tion of lift coefficient at buffet onset Cl^b with Mach 
number is shown in figure 10. The value of Cl^b at 
the design Mach number was 6 percent higher than 
the Cl that the wing was designed for and increases 
as the Mach number is increased. This increase in 
Cl^B over the Mach number range from 0.600 to 

0.975 appears to be a result of the use of the su- 
percritical airfoil sections and the twist distribution 
of the wing. The increase is approximately 38 per- 
cent, and the trend is in contrast to the general buffet 
characteristics at transonic Mach numbers. 

The basic pitching-moment data with the hori- 
zontal tail off, at 0°, and at two negative angles is 
shown in figure 6. The model is generally stable with 
the tail on or off; however, some of the curves ap- 
pear to have two slopes and are unstable at various 
high lift coefficients. The variation of the longitudi- 
nal stability derivative Cmc Mach number for 

the horizontal tail on and off is shown in figure 14 
at Cl = 0.80. The model was 8-percent unstable at 
M = 0.600 with the tail off, probably the result of 
leading-edge separation at high C/^’s for this Mach 
number. In this case {Cl = 0.80) the aerodynamic 
center moves rearward approximately 28 percent of 
c over the Mach number range. 

The variation of Cmc^ with Mach number at 
Cl = 0.50 with the tail off is shown in figure 15. At 
this Cl, where the pitching- moment curves have a 
stable trend, the aerodynamic center moves rearward 
only approximately 17 percent over the Mach number 
range from 0.600 to 1.200. 

The variation of pitching-moment coefficient at 
zero lift Cm,o with Mach number is shown in fig- 
ure 16. The horizontal tail reduces Cm,o approxi- 
mately 50 percent compared with the tail-off config- 
uration. The variation of the longitudinal control 


parameter Cm^^ with Mach number is shown in 
figure 17 at Cl = 0.50. The magnitude of Cms^ is 
approximately the same as that of current fighters. 

Conclusions 

An experimental investigation to determine the 
aerodynamic characteristics of the first in a se- 
ries of theoretically designed supercritical maneu- 
ver fighter wings (SMF-1) at a subsonic Mach num- 
ber of 0.600 and over the transonic Mach number 
range from 0.800 to 1.200 indicates the following 
conclusions: 

1. Location of the transition strip on the upper 
surface either forward or aft had no effect on the 
aerodynamic characteristics at the design conditions 
(a lift coefficient Cl of 0.90 and a Mach number M 
of 0.900). 

2. The lift coefficient at buffet onset at the design 
Mach number was 6 percent higher than the design 
lift coefficient. 

3. The lift coefficient at buffet onset increased 
approximately 38 percent over the Mach number 
range from 0.600 to 0.975. 

4. The lift curves were generally linear for angles 
of attack from 0° to 10° at Mach numbers from 0.600 
and 0.800, and the linearity extended to higher angles 
of attack over the Mach number range from 0.850 
to 0.975. 

5. Over the Mach number range from 0.600 
to 0.850 and the lift coefficient range from 0.40 
to 0.80, the leading-edge suction was approximately 
100 percent. 

6. For the selected center-of- gravity location, the 
model was too stable and a relaxed stability would 
be considered for a fighter of this type. 

7. The rearward shift of the aerodynamic center 
as Mach number increased from 0.600 to 1,200 was 
approximately 17 percent of the model reference 
length c for Cj,=0.50 and approximately 28 percent 
of c for Cl=0. SO. 

8. The horizontal-tail control power was about 
the same as that of current fighter aircraft. 
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Appendix 

Tabulated Data of Investigation 
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Table AIL Symbols Used in Table AIII 


MINF 

freestream Mach number 

Q 

dynamic pressure 

BETA 

sideslip angle 

ALPHA 

angle of attack 

CN 

normal-force coefficient, Normal iorc^/qS 

CA 

axial- force coefficient, Axial force/g5 

CM 

pitching-moment coefficient. Pitching 
moment /g5c 

CROLL 

body axis rolling-moment coefficient, 
Rolling moment 
qSb 

CYAW 

body axis yawing-moment coefficient, 

Yawing moment 


CSIDE 

side-force coefficient, Side force/^5 

CL 

lift coefficient, lAit/qS 

CD 

drag coefficient, Drag/gS' 

L/D 

ClJCd 

CROLLS 

stability axis rolling-moment coefficient 

CYAWS 

stability axis yawing-moment coefficient 

CDBl 

balance chamber drag coefficient 

CDB 

total base drag coefficient 

CDI 

internal duct drag coefficient 

CMWSGl 

wing root-mean-square bending-moment 

^ . oTms Bending moment 

coefficient, 2 

R/FT 

Reynolds number per foot 


Table AIII. Tabulated Data for Test 785 
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Table I. Model Geometric Characteristics 

Body: 

Length, cm 91.897 

Maximum width, cm 8.306 

Maximum depth (excluding canopy), cm 9.83 

Frontal area, cm^ 55.900 

Duct inlet, cm^ 23.020 

Duct exit, cm^ 18.872 

Base area, cm^ 28.85 

Wing SMF-1, trapezoidal to (^: 

Airfoil section (parallel to body reference line) SD19 

Root chord, Cr, cm 33.993 

Tip chord, q, cm 7.282 

Span, 6, cm 67.69 

Area, 5, cm^ 1390 

Aspect ratio, A 3.30 

Taper ratio, A 0.2142 

Mean geometric chord, c, cm 23.518 

Sweepback of leading edge, Ale, deg 45 

Sweepback of trailing edge, deg 11.9 

Dihedral, deg 0 

Thickness ratio, t/c 0.044 

Twist (from 6/2 — 0.20 to 6/2 = 0.96), washout, deg 9.0 

Vertical tail (exposed): 

Airfoil section Circular arc 

Thickness ratio, t/c 0.040 

Root chord, c^, cm 25.718 

Tip chord, c^, cm 7.341 

Span (theoretical, exposed), cm 14.145 

Total area (exposed), cm^ 233.806 

Aspect ratio (exposed) 0.856 

Taper ratio, A 0.285 

Mean geometric chord, cm 18.230 

Sweepback of leading edge, Ale, deg 61 

Sweepback of trailing edge, A^e, deg 25.88 

Horizontal tail (exposed): 

Type, stabilator All movable 

Airfoil section Circular arc 

Thickness ratio, t/c 0.040 

Root chord, c^, cm 16.325 

Tip chord, ct, cm 6.698 

Span, 6, cm 29.768 

Area, 5, cm^ 342.667 

Aspect ratio (based on exposed area and span), A 2.586 

Taper ratio, A 0.410 

Mean geometric chord, c, cm 12.179 

Sweepback of leading edge. Ale, deg 42.5 

Sweepback of trailing edge. Axe, deg 15.197 
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X, In. 

(b) V = 0.2075. 
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-1 0 1 2 3 4 5 6 

X, in. 

{i) V = 0.50. 



X, in. 

(g) V = 0.63. 

Figure 1. Continued. 






(i) Tj = 0.80. 



(j) r, = 0.92. 
Figure 1. Continued. 
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Semispan, b/2 

(k) Variation of spanwise camber and incidence. 
Figure 1. Continued. 
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Figure 2. Photographs of model. 
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Figure 2. Concluded. 
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(b) Concluded. 


Figure 4. Concluded. 
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(a) M = 0.800 

Figure 5. Effect of upper-surface transition location on longitudinal aerodynamic characteristics. Horizontal 
tail off. 
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(a) Concluded. 
Figure 6. Continued. 
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(c) M= 0.900. 

Figure 6. Continued. 
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(f) M = 0.975. 
Figure 6. Continued. 
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(f) Concluded. 
Figure 6. Continued. 
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(a) M = 0.850. 

Figure 7. Effect of Reynolds number on buffet characteristics. Horizontal tail off. 
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(b) M = 0.900. 
Figure 7. Concluded. 
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(b) M = 0.800. 


Figure 8. Continued. 
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(c) M = 0.900. 


Figure 8. Continued. 








(g) M= 1-200. 

Figure 8. Concluded. 
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